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Thrust au@lontat1cm of ap axlal-f&wtspe turbojet en&no by
b~~~l~tbbtailplpehersb~'invset~tedintPleHACA
olmeaand altitude wind tumle1. Ths perfolmlnoe wa8 determined
over a range of 8bulatsd fi*t 0cditians snd tail-pipe fud
flaws. The spgipstailpIpewaeinodlfledfortbs lnm9st1gat1onto
reduoe the gne velmlty at the inlet of the tall-pipe cxmbumblun
ohamberad to provide anadequate  seat~forthe flaw; four ewh
~modlfloatlcnle  were lnvest~ted.

The hi&& net-tbruet. lnoreaes obtaln& in the lnveetigatlau
was 86 peroent with a net tbnret epeolflo fwl ocmaumptlon of 2.91
and 8 total fuel-air ratio aP 0.0523. The hl@lest acmibu6tlaen effl-
olenolee obtained with the four oomfl@ratione reaged -0.71
to 0.96. Wlth three of the tall-pipe bumems, facrvhlohno
ertem?%l0ooUngwaeprotided, the exhamt nozzle and the rear part
oftheburner eeotlon were brl&t red' durl.ne operatlcm at hl& tall-
pipe fuel-air retloe. With the tail-pipe  burner for vhloh fuel and
water oooling were provided, the outer ehell Or the tall-pipe -
burneY showednoevldence ctf elevated tempemstureeatany operating
omdltlon.

Thrmt mtatlcm of turbojet englnee 1s of lmportanue~ ln
lnoreaelng their ueefulneee and range of applloat1on.  Vtllleatlon
of the tall pipe furb~fuelprovldeea  praotloaloyolefor
lnoreaeing the tbnmt of turbojet en&mm. Thle thrust lnoream
le obtalnedwlthout  lmreaelngthemaximumtemperature  or streeeee
lntheturblne bucskete cz otherwlee dlaturbingthe nonwloyole of
englne operation, provided that the tall-pipe nozzle arem le

.
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3aoraeieeB. A variable-arm e&must nozzle 1s them&ore required to
obtain~thruetbothwithardorlthouttall-pfpeburning.

Abroadreseardh~ollthntetaugmentationlebeingoan-
&otedattheIUCALewle laiomtory. As part of thieprogram,
anlxveetl&xtlonaFtbrusfau@mntatlonbynmns d tall-pipe buzm-
~~s~~teb~thelOACA~saltifudsrindt~lf~
-to Auguet 1947 to &u&y several tall-pipe-bumsr oonPisurplt1nne
anaa~l-f~a~es~tgpet~~jetanrrinnwi~atbruet
n?Ltlxg d 5coc pounded Tall-pipe-burairrg  results obtalned m
anotheEp axial-flow-cmmpreeeor type turbojet e@ne In the altltu&e
wlndturmelarereportedlnref~eeland2and  resultsobtalne&
at statlo eea-level o~tlons are pressrrted  In r8fmenoe 3.

Oparatl~laIxlperfcmwme cihamotarlstloe aF folrr tell-pips
bumeromflgumtlanswem obtalnedov~a mngeaP simulatedaltl-
t~es,flight~~~bere,andtall-plpofuelflcwe. Performertoe
obtained wlth these tall-pipe  burmrs Is presented in both graphloal
andtabularfomandcunparedwltbtliepexfomam 8 of the engines
lntheno3mmlocuSlguratlcm. The opemtloIELl oharaoteTistloe exe
saoh tall-pipe burner are dlsousesd and the ocmbustl~ efflolsnaies
are ~eented.

Tall-pipe-bumer  pen%'-euaslkstl@mdwfthanearly
~~lWest~~o~e~blturboJef en&m, whloh has an ll-atage
axital-flow ocm@w e-amulus oaPPbustlon&euuber,arxla
twwstageturblns. ~&edthrust &the eqlnels3OOOpomds  at
stat10 sea-levelocmfIltlonsancIanen&ns  speedof l2,5OOrpm. The
er@nealrflowatthls  cxmlltlonlsa~tely58.5 pornds per
secmd. The first two tall-pipe-burnsroaof~tions  (AandB)
were lnveati~ted on a stedard em&neandtheothertwo  cmflgum-
titnm (CasdD)~~estiglated~a~ldl~~~a
ell#tlyhigharthruettiturb3mautlett~~. Thetwo
cm&nyrebesarlbedsabthelrperfommnoeleo~lnre&r-

Porthe entire lmestlgstlon, avlatlangasollne  that-
fcam9&0 Efpeolfl~tl~  Al?-&28, Amdrasnt3ardhadalmm?hsat-
ingvalue~19,300~uperrgouadp~asueeaipbothtbe~saPd

. the -1.plpeburnsrs.

The en&newaemounted  tiaenaoelle lnstdlled lnthe
20-foot-dianmti~test  8emtlanczF thealtltudewdndtunnel, ae shown

-.t
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In figure 1. In oaem to 8brpufy the lMte1lat1on,  no oowu.ng wa8
ln8talle1Y.aroudlthe  engine. my~tedalrm8 eupplleato
the~tbrou&adwtfrumthetxaudmake-upalr  8y8tem. Thl8
duotwaa oonneotebtothe emgZ~-inlet  kzotbymeane aF a ellp jold
wltha labyrlzth esaleothatthr~tadkdrag  ooasldbemeanrd by
male& Theairwa8throttldfxmappxwlmdelyrea-lwelpre6sn-e
to the desired preeeure at the engine l&et uhlle the reqnireU altl-
tu& preeeure wxi msistaM In the wind-tunnel  teet eeotiaa.

Tall-RLpu Burner8

Fourtall-pipe-lnnneroc&iguratl.ollewere  inrciut~t8binwhloh
the tall pipe was modified In or&w to duos the tall-p%pe ga8
ved.o0ltyan&toprovl&tanadequate sent fortheflmae. CciWQur-
atlogle A;B, ard C -leted ti three fuel-system a& flame-holbeP?
installcltiolls~~laatailplpeba~apine~~sr~
4 lnoherr (fig. 2). Cod'iguratlonA,tithaell@tlyUfferent
(IlfPusars~ioP1,hasbes31~etiggtsboslanoth~t~o~~
at etatlo sea-Uvel~tlnne (rd'erence3). CanflgundlanDoon-
8lst~~ata~fail~~,a~legmt~,~aflameholdsrae
anlntegralunlt(flg.3). !i?hisburnerbabamedmum ln8ld.e~

confiRuratl.cna A. -Aoross se&Ion& ao&i~tlonAls crhow
lnflgure4. The~44nohdlameterb~ 8eotlolloozl8lsted~e
oylbler72 lmhea ltmg,whlohwar attaoheiltothe au&lnebyaa
annula diffuser 22 lnohee long with an outlet-to-inlet aree ratio
d 2.43. Aflxd-areaoonloalmzsle  24 lnohee laglghavlnganouiU.et
areaof 298 e~uareinoheewas lnstalladanthetsllpipct.  Eo -1
ooolingforthe  ehellcd'the *-lnoh-diamat;&tnllplpuwaeprovlML
exoeptbythe ~-~looityalrfloPrlngthroughthewlnb-tilted
eeotlon. Twogw!wtz- (fig. 2) M lnetalld tithe bummr
8hell, cnevldoulnnuedlatelyehsa4aftheflamehoMerandone1
lmmliatelym it, for obearvsflon CS butairrg at the en& d the
ddffw~~oozPsanbatWefUmebol44cr.

Fue1wasinjeotsdLintotheburnsrthrou&two~ofsgky
nettles. The taps&mm ring oon818ted  aP 12 nozelee, whl0h were
rstedatdOg6llam  per houratsdlffewentlal~eemre cd? lCCpour&
~sp~iTboh~~~ll~~tb4~~~thed~~
seotiaP9i Inohs8 dowzurtream  cd'theturbinef~e. These imezlee
ipjeotedfue1 noxwltothe dlreotlcux~ gasfluw. !JUdownatrenm
rlngoonslsted~ e~tean?r~~llaaz-~hournoer~s~~
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wlththetlpe ofthe nozzle8 ~lnoheqdownstream of the iraptflsnge
of the burner se&Ion. These nozzles were momted in a 14+lnoh-
dlametmrlngand ipjeot+f'ueldcnmstream.  Thsbluntend of the
d~eer&tmrocmeprotideda seatfortheflameresultlngfrcm
burn~~theiuel~eoted~~th6ugstreamrlpg.  row-data
obtalnedrith oo&XguratlaaA,  appx'almtely 25 pementafthetall-
pipe fuel was Injected tbrougb the upstream ring of nozsles and 75 per-
oenttihrou&thsdownstremarln& A 2-ipoh-wide, semitoroldal flame
holder (ftg. 5) havLng a mean dlamster of 16 lnohes was Installed
9ln&eebehlndthedownstream fuel ring. Theblookingareaof  this
flsmeholderuas19peroen t of the buzner CZO88-SWti-l-.  A
ermsll IgnStlcau pilot omprle~a epark plug, a fuel nozele, aml a
flsamholder was installsdimmdlatelyq~stroam&theflsmah0ldm
to lgnltethefuellnthetailpipe.

Ccmflguratlan B. - CanfIguratIon B oanprlsed the same tail pipe
and fuel qstom a6 wmfiguratlaa A. For the d&t8  obtained wlth thls
omflgurstiaa, a$proximtely 20 peroent of the tall-pipe fuel was
Injected through the upstream ring of noetles snd 60 perosnt through
tbadcmmtmamrlng.  Inordertoralae the ocmbustfmeffloienoyand
the altitude limits of the tall-pleburner,a  flsmeholderhavlng
tq annular V-type gutters (fig. ?6 was installed ln plaoe of the
aemitoroldal  flame holder. Themeandlmetereofthe outerand
lnuer gut&era were17 and 10 lmhes, re8peatlve4. The Included
angle of the gutterawae 3~arrdthedl8lianotl aczosuthe opsn end of
theglltterewa8l~imhea. Thle flaw holderblooked  32 gementof
the burner arose-seotlcmal  area.

cmf1uurat1cnrc. - CcmflguratloDl C ocnqprised the 25+mh-~
diameter tall pipe and the s8md flame holder ueed In oaadlguratlmB.
The downstream rln& cwf  fuel noesles was removed and the upstream ring
of nozzles was not use@. A eet af eight lmplnglng jet apray bare

(fig. 7)was Installed in the diffuser emotlcm~lmhea dounstreaat
oftheturblneflange. Buqlwas lnjeotedtbrtmghthese spraybars In
sdounstreamdireotlcm. The spmy bars protided the posslblllty of
obtalninganmrehamgamGUS fuel mixture than the nozzles previously

. used. Theyoouldbecbaellymadeandmodifle8~thout~hining
operatiapleand  oouldbe +stalledwlthoatlnternalpiplng. !l!he igni-
tiCXl ElJGhXU UWd with OOllfigUratiQU c m8 the Bamb CCB that USed tith
oonfl@atlunsAsrdB.

Conflmratlcin D. -A oroe8 eeotlaar of mmflguratlcm D la prer-
eented InfIgure 8. The burner seafilm used was 37+ Inches lang,
Oi,HNkl? In oross seotlon, and tapered frcxn a 25$-inch Inside diemeter



XACABMIpo. E6J25e

at the upstresm md to CL 2l-lnoh lnstie dlsmstk at ths doumtmam
end. linmediatelyupetzssmof the bumsr reotlonwas adIffuser
+ohes long,whlshfastsnsd  to t& +noh-lcq stemdti-e&e
tall-cone section. Ths ratio of burner-Inlet arss to turbine-outlet
area Is 2.35. A varLable-urea e&us-t nozzle was used, vhloh was
desaed to be closed for snglne operation without tall&pQe bumzhg
and open with tail-pipe bmmlng. With ths notsti in the open p98f-
tlm, the mea at ths outlet was 273 equsrs lmhss. AU data, both
wlthsndwlthouttail-plpsbuming,vsre  obtaksdwlththenoetls In
the open posit Ion. Puel wae passed xweamdl tlnmlgh helloal pasaagee
weldedtothe ehell ofthsbumertogrmlde ooollngfor the shell
andtopreWatthsfkeL Watarwaspaseedtlmot@  a jackketwslded

- around the fixed part of ths tall-pips nozzle to provide oooling.
The movable ~EU% of thsnoezlemoved  out of the flamswhsnfuelwas
be~burnedint&tailplgeandthuersQu~nooooling.

Theflsmholderussd  lnucmfXgmratl~DZnoludsdthsfuel-
injeotlLan.eystsm  (fle. 9). The flame holder was mounted lmmedlute4
bshlnd the upstrecuafm of ths tall-pips burnsr election. Fusl
was~ledirantheoooling~esepeattherearaitheburner
farorardtothsosnterofthsflennsholderthroughsixstruts.  The
fuel-preheating syetsm was deslgcmd to vapcmlte the fusl by the tfppb
lt~rea0hsdtheflawholkr. The preheated or vapmlted fuel passed
fropnthe osntsrofthsflms holdsrtbro~radlaltubss  endnas
lnjeoted lnanu streemdlrsotlcmtbrov&ammiber  of &floss
approximately 14lnoh lndlmnster. Tim flmsholderhsd  12 radi8lP
fuel tubes l/2 lnoh ti dlswtsr that ertendal fkcm the center of the
burner to the wall. ApproxW4y8$lnohesirclrths~tsrofths
flmeholdsr,a olrsumfersntlalfueltube lntereeokdths  radial
fuel tubes. Two circular n&al strlpa 3/4 lnohvide mre wsldsd to
the downstretamslde OJtthi rsdlaltubes atmssq dieunstsrs of

Asurveyrakewaemouatsd.inth4~tduQtahsadobths~
tomeamarethe englnealrflcnP. Preeeurg and temrgerature  instrulwn-
tatlonwzm lnstaUedatel&~tstatlcms tilmm&mtthe~lnesml
the tall-pipe burners. Inordertoprevent  overheating, the airfoil
se&Ion spd ths pressure tubes ln ths exhaust-noetle-outlet survsy
rake were water-oooled.
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' Prloa. to opsratlonwlthtall-pips  burning, perfonname data were
obtained far the orlglnal engine with an exhaust-noszle-outlet  area
of 183 ~qusre Inches and for the modified sqlne with an exhaust-
nosrle-outlet arsa of 171 Muare Inches. These nozzltx~ were selected
to gLve rated englne perf’omanw at static ma-level acmdltions.
Data thus obtalnsdwsrs  us&to provideabaeiS forervaluatlngthe
changes lnperformtume rssultingfkwntha  use of the varknz~tall-
pipsburners.

The ran6e of simulated altitudes and Simulated fll6htMaoh
numbera over~lohsa~~iguratlaa~slnveat~tedls  Shown ln
the followln6 table:

.

Altitude
w

5,000
=,ooo
25,000
25,000
25,000
25,000
25,000
30,000
35,000
40,000

F1khtMaohnumber
c=fq

A B
0.264 0.275
M-mm- w-N-9
.265 .272
.736 .537
.989 .727

-1.91 .669
-m-I- .964
I---- .509
.528 491

1-1-1 .509

mtimc
a.258 0.171
I,--- .531
.256 .727
.525 ,063
.722 .977

.

At each elmulated flight oondltlon, the engine wa8 operated at
rated epeed (12,500 rgau) and data were obtained at various fuel
flow8 throughout the operable z-en&e of the tall-pipe burnere. In
most caees the mlnlmum fuel flow wae determined  by ocmbustlon  blow-
out and ths maximum fuel flow by limiting turbine-outlet temperature.

Ths limiting turbine-outlet temperature with and without tall-
pipe burnlag vas 1710° R for the orlglnal em&-m and 1860° R for-the
modified engine, as obeerved cm the higheet reading thermooouple.
Theme oonditione oorreagond to average turbine-outlet temperatuzws
of about 1525O and 1650 R, resps&lvsly.

The total preseurs at the ocmyrsseor  inlet was rs&ated to the
value mrreepondlng  to the almulated flight Mach number. Complete
free-Strsam ram-preesurs  recovery wae assumsd at the oauRreesor inlet.

.

.
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Air supplied to the w@ne was refkmW !o approximate the Black
stsndardtenuperature  oorrespondlngtothe  slmulatedflightoondltlon.
No inlet-air teun~tures below about -20° B, ~spondlng to flight
athighaltltude  and lowfllghtMaohnumbers,were  obtained.

!Illruat was dstemdlled fromthebalaarre  soalesandalsofropp
msaeuremrePt0  obtalnedwlththe*~ust-nozzle  surveyrake.  Onlythe
rakethrust Is used in the tabulara&grs@loal ~sentatloms ti
thedatabeoausethe eurvsy-rakedrerg,whloh uaenotm~~d,
affeotedthe soalethrustanbmedethe  soalemess-tS ISSO COP-
SiOtSIlt thap the rer]cs lUSSSWS?MIltO. Use aC the rake thrust &'es
pezformsnoewlth  lOO-psroslrt  exhaust-nossle eqanslon&flolsnoy.
d6sthods&'oaUulatlngthzxM,slrflow,  SXbS~8hgSOt~pSmtUrS,
andoczubustlanaMlolarwrysre  gresmtedlntheam. %a
sgmbols~ebinthe~loulst~arsaleo~~intheapp~ix.

Perfomanoe

Data~tainedwitheaohoithsfourbruner~lgurs~~are
presented In table I. The ~bustlonefflolenoyforeaohofthe  con-
fQuratlons Is presented ln fl6ure 10 as a funotlon of tall-pipe
fuel-air ratio for a rauge cf altltudss etnd flight Maoh numbers.
!Che tall-pipe fuel-air ratio Is defined as the ratio of the tall-pipe
fuel flow to the unburned air entering the tall-pipe burner,assumlug
replete o~bustlon within the engine. Altitude snd flight Maoh
number had no appreciable effeot on the oombustlan etfflclenoy at a
given tall-pipe fuel-air ratio. Maximum ocxubustlon ef'flolanoies
obtained were 0.71 for ooMlguratlon A, 0.76 for oonfQuratl~'8,
and 0.96 for oonflguratl~ C (figs. lo(a), 10(b), aud 10(o)). Theee
maximum efficiencies were obtained at tall-pipe fuel-air ratios
between 0.02 and 0.03. Beoauee of the poor fuel dlstrlbutlon ln the
tall-pipe burner, further lnczeases in tsll-pipe fuel-air ratio
probably resulted ln local fuel-air ratios greater than stolohlametrlo
and therefore deoreased  ocmbustlon efflclenoles.

Increasing the tatl-pipe fuel-air ratio with oonflguratlou D
raised the oaanbuetlon  efflclenoy for the rauge of data obtained.
The highest canbustian efflolenoy obtained with this &l&%ratlcm
was 0.78 at a Abel-air ratio of 0.046. The data indloate that
higher efficiencies ml&t be obtained with oonfl@ratlon D lf the
exhaust-noesle-outlet area were lnoreased to pexxult'operatlou  at
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higher fuel-air ratio8 without sxoeedlng the tmaperature limits.
Inqromd vapop?lsatl~  of the fuel a8 the tall-pipe fuel flow was
lnorsaeed probably aoooutite far the Increase lu ocmbustlon  ef'fl-
olenoy a8 the fuel-air ratio was lnoreawd, for ths mugs of data
obtalned. Amcweh~eousmlxture offuelemdalr lnthstall
piperas probablyobtalnedwlthomflguratlou Dthanwlththe other
o~lguratlms beoauss peak oanbuetlon efflolsnoyooourrsd ate
higher tall-pipe fuel-air ratio.

Atyploalsetof perfonaanoe datals plotted.$nflgurs  llfor
oonfYguratlcmB. III thit8 figure are pr8sent8d (a) net thruet,
(b) emglue fuel flow, (0) speolflo fuel ocmsumptlool  based sol nst
thrust aml total fuel flew, (d) total fuel-air ratio, (e) turblne-
outlet total tmperature, und (f) exhsust-gas  total tamperatum as
functions of the tall-pipe fuel flow with a flxsd-area -St
noeele. gl~lfloaatresults  of thle lnwmtlgatiaawsm  obtained
at oonditione where llmltlng turbine-outlet  tmnperaturee wers
resbhed; ther8fore, ths polntsrsprsssntlngllmltlngturblne-outlet
tmpsraturs ate~hfl~tWaohnumb~arejo~byadaeheaourve
lnflgure 11. The suoaeallng dl8uusslcm of saoh burner OOBlflgW8-
tlm Is ocmflned to the results obtained at llmltlug turbine-outlet
temperature, aa determined f”run ourves slm1lart0 figure 11.

Theenglneperf omsnce with tall-pipe burnlug Is preeented In
figures l2to l6fcxr ocinflguratlausB,C,aud D. Englns perfomause
wlththetstmdud tall pips snd sxhaust norzle Is also present& in
theee flgurss. Bemauss datawlth oaSlguratlcmAwer8 obtained only
below the limitlzq turbine-outlet temperature, they are lnoludsd
cmlyiutabularfoam. Absolute valuss of perfm08 with mnflg-
uratlm B cmmotbe'ocmpared  dlrsotlywlththoss  of oouflguratlons C
and Dbeoauee of the differences between the orlglnalaud modlfled
englnee. Inamuoh aethe datawsrs obtalqed with the 8am englue,
periop?manoe  facr oonflguratlagls CsaxlD 1s ocqarsd,althoughths
ekhaust-nozzle-outlet  srese w e r e  d i f f e r e n t .

The maxImum exhast-gae total twture (347W R), at limiting
turbine-outlettemperature, wus  obtalned with uonfiguratlon Cat a
flight Maoh number of 0.72 (fig. 12(b)). Thle temperature oorresptmde
to a tall-pipe twqeraturs ratio of 2.1 aud a tall-pipe tsqperatwe
rime of 1620° R. Values cd? exhaust-gas tmperaturearsprssentsd
In figure 12(a) for omflguratlon  B and ln figure 12(b) focr ocmflg-
uratlons C and D. A part of ths thrust a-t&Ian that ls,obtalned
at flight Mash numbers above 0.55 Is due to the higher turbine-
outlettemperatwemthataem bemalntalnedwlththemodlfledtall
pipe and tall-pipe burnlq, as oaupared tilih the engine equipped
WIththOU- tall pipe and a flxsd-area exhaust nozzle.
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The values aC net thrust (fig. 13), lnorsaem lnneJtthru8t
(fig. 14), specific fuel ccsmuntption based cm net thrust and total
fuslflar (fig. l5), totsl fuel-air ratlo (fig. 16), snd exhaust-gas
totaltemperaturs  (fig. 12) atthsminlmumsndma&mm flight &oh
numbers lnvsstlgatsd  at an altitude of 25,OOC feet ms pressntu!i ln
the following table for ~lguratlms B, C, snd D:

ccarfig- Bll&t mt Inorease Specific fuel 0081-
urat1onMaoh thruetlnnet enuqtlcmbassd  cull

number (lb) t&rust IlOttbU8t~
(P==ut) totalfuelflow

(Ib/(hr)(lb thZ'U8t))

B I o:El z: I ii 1
c I “:;:I z: I :: I
D 0.727 2320 55

.977 2920 79

2::
2::
2.45
2.36

Total E&kLaust-
fuel-sir gas total
ratio tssag=-ature

m
0.04l5 2660
.0523 2760

0.0520 3330
.0565 3470

0.0500 2940
.0475 2960

The exhauet-gastotaltsmpe~tuzw inorssssd sll&tlytithfll&t
b&mhnumberfar em& oatlam. Aewouldbss4sotsd,howsver,the
nstthrustlucmeassd rapidlytithfllghtMac&nuniber.  The trmd of .
the~tthrustspesiilofuelooensumptl~wss  slmllartothatafthe
totslfuel-alrmtloas ths fUghtb4aohnumbsrwas varlsd. AlMta-
tlonwasimpcmsdauthspeH~oe by ths exhaust noezlss. A slight
lnarease in exhaust-noszls-outlet area would havs made it possible
to lnoree8e thetotalfkel-alrratlo  to&value olosert~a stolohlo-
metrlo~~,~thout~~sing~turb~-outlet~perature,
aud thsreby obtain the ltaamam net thrust.

At limiting turbine-outlst tsmpsratures, ths lmrsase ln jet -
thrust s&l tall-plpa total-tsqpsmturs  ratlo obtslnsd with tall-pipe
burnlngareapproxImstslygkpartlcmal toths ratio of sxhaust-noszls-
outlet arsa with tall-pipe burning to exhaust-nozzle-outlet arga
without tall-pip& btmnlng (rsfsremoe 1). It follows that the lnorsase~
in net thrust would also be greater for hl@mr sxhaust-noeels-outlet-
arsa ratios. Bemuse the ratio of exhaust-nozzle-outlet arec~ tith
snd without tall-pips burping for oonflguratlon C (1.74) was greater
thanthat Onthocdlgureticm  B (1.63), ths incmeass innstthkust
and the tall-pipe total-tsmpsraturs llatlo were also greater for mm-
flguratlou C. The lnfxeaae In net thrust aud ths tall-pips total-
tsmperaturs ratio ataglvsnfllgkt~cmndltlcmwsm  lowsr for ecmflg-
uratlonDthsnfor oauflgumtlou Cbeususe theratio ofetiust-
nozzle-outlet area with and without tall-pips bumlug was less few
ccmflgurat~D.
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opeJ?atiCXl8l  Cba;raoteriStiSO

bqratlam A. -ThshighssttWustandthesmoothestburnsr
operatl~,~thoclts~~tingthsbumLsr shsll, vsrs obtained with
ocmfl@ratlcm A when approximately 75 per-t of ths tall-pipe fuel
was Injected through the d-m ribg al? nosrles and 25 psxwent
~g~;les In ths lnnsr CRXUI uf the dlfYueter ssotlm.

mtsge of fuel lnjsoted through ths nozsles in
thsdlffuser sestlcmoverhsat&I the tall-plpeburnsr  shslland
rssultsd inroughburnl.ugaoompauled  byhsavypulsatl~  m cap10
bustim blew-out. Thsmaxlmumaltltude  atwhishthe  burner ogerated
was 59,000 feet at a ill&t Mash number of about 0.50, at which can-
bustiablcrw-outom smmral times. Bst- altitudes of
30,000spb 39,000 feet, thsfm seated athe ti of thediffuser
lnnsr~beotuuequltsunstablssndfllokarsd ocmstantly. Beosuee
OpeTsthSk  O f  ths i@tia pilot WSO UnSStiaiaotory,  the tSll-pipe
fuelwas l&tedbyaoselsratlngths  mglnsrapldlytiabout
6000 rpu* &tlsfaotory starts wsrs thus s&e at altitudes up to
30,000 feet, but abovs this altitude oaubustl~ blow-out ooourrsd
d- ths aosslersti~inelthsrths  snglns orthe tall-pipeburner
aftsr ths tall-pipe fuel l@tsd.

CmfXmmatl= B. -!kshlghsstthrustandtheemoothestburner
opsratlogl,wlthoutomrheatingthsburnsr  shel.l,wsru obtalnsdvith
ocmflguratlcmB,whsa8Operosmtof the fuelwas Injested throu@the
downstrsam ring ob nozsles and 20 psrosnt through the noeeles in ths
dlfYussw3nnsr-. RaIsIngthe pememtage offuelflow fnjeotsd
t&ot@~thsnoztlss  lnths diffussrocsm mrheatedths burner shell
8UdZWUltOdlllinUghbLWIbg. Stableburnsr operstlopowas obtained
vithallths fuellnjested throu&ths dmnstmsmrlngoffuelnotslee;
howwsr,thstWustuasnotsohl~asthatobtalnsd  wlth8Opsrmt
of.* fuel injested throt@ ths downstrssm noszles. The maximum
opsratingaltltudoulththisburnarwas  U,OOOfeetata flight
~~~~~a~t0.50,atwhl~ccmb~tlmblow-outoo~.

hara&eHstlsu and the msthod of Igniting the tall-
pIpsfuel- the mmewlththls buxner aswlth acuUmtlaaA.

c%mfleQlrstlosl  c. - Inltlaloparatl~wlth oaplflgurstl~C
lndloated that ths shell Oe ths tall-pipe burnsr bessme erwes1vel.y
hot at high fuel-air ratios. Inozdertodecxrsasstheamountof
bmnsarths shsll oftheburner, the jets in the impk@ng jst

- spray -8 were reloc3atd in tier to OamaLtrate  moat  ar the fuel
inths lunsrpart ofthsdU!Ykserpass~. Afterthlsmad%flsatlcn
wasnbsde, ths shsll operated scamswhatwolsr,but  It stillbessme
toohotfara satlsfaetory fllghtlnstallatlcm. All data presented
inthlsreportfgproonfl~tl~'C~  obtalnedwlththe fins1
epray-bar  modlfloatlan shown in figure 7. No maximum operating
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altitude was obtalnedforthls oonflguratlcm.  The starting MO-
tsrlstlos snd ths m&hod of lgmlting ths tall-pipe fuel wsre the
samefortblsburnerasfur -tlcmsAand B;hmmir,nodata
wsre obtalnsd above sn altitude CXC 25,000 fsst. Hem? ths sud of
this part of the 3mw4tl~tlom,alargs  seotlauofthe flameholder
~sburned~wa~',wblohwarrprobablyoaussdbyburningah4dl afthe
flame holder lnthed3fftassr  ssotlosl. Utslling then imgM jet
spray bare furtherdcmstmsn~lnthsdlffussruould~bably~we
tall-pipe shell ooollng snd lengthsn ths flsme-holdsr life.

ConflguratlcmD. -Burnlngwassomewhat smwthsr ulth oouflg-
uratlon Dthanvlthths othertbrss ounflguratiom, as indloatsdby
ths rsdnotlan ln rumble or pulsatlcm that Is uaual4 pressntwlth
tall-pipe burning. Thefuellnthlsburnerwas  aleo -tedby
aooeleratingths emgIns, lnasmuoh as the l&tlasl pilot did not
operate at altltde. It was vsrydlfI%nzlt,hovsver, tol&te the
burner fuel ln this maxmsr at altitudea above 20,000 feet. The tern--
psraturerlse ofths fuellnpassingtIZou&the  shsllof this tall-
plpeburnerwas  umuel4b0tweem  11~snd165°3'. ITodatawers
obtalnsd with this ocmfigumtlcm at altltudse abm 25,000 feet.

the erhaustnoetls'and thersarpart ofthebumer
Bhell oool~ - With oa&Tgmatlm.s A, B, "pds~L~~ zl of

bright red during opsratlon at hi& tall-pipe fuel-air ratios. The
shelltsmpsrature,ae  estlmatedbythsmstsl oo1or,wasabautthe
samewlthoc&igurstio~AsndB;howsver,  wlthoonfl@ratlcmCthe
shsll beomns acmewhat hotter snd a sll&tly greater part af the
burner seotlcm beaaum red. Either rsdletributl~ of ths tail-pipe
fuel orexterwl cooling or both would be required to cool these
oonflguwtlcmm  satlsfaotorllp for fllgkt use. With the fuel and
water oooling of the shellprovldsd  faromx?lguratlcmD,  ths outw
shell of the tall-pipe burner shmsdno etidsnos of elevatedtm-
psratures at auy operating oondltlcm. &m dlffloulty was
snoountersd, hmevsr, vlth leaks on ths octslde M the burner
seotlmatthevslds of the fuelpassagesduetodlffersntlal
eupanelon of the lrlusrand outer shell.

I&tiOll PilotS. - A definite nssd is indloated forr a tall-plpe-
burner ignitlan pilot that will operate at -nnPinsw=d=d
at high altitudes. Aooelaratlng the engine f'rca a low speed Is 8p
unsatlsfaotarymsthoa c& *lt%n6ths tall-pipe ftrelbeoauas of the
loss ln thrust during ths startln8 period, possible ocmbuetlaa blm-
out Inthe snglm3 athlghaltltudes,  and the hlgbtsmperaturse
impossd sol theturblns. AnumbsraCvarlatlcms ofthetyge ofl~-
tlcm pilot lndloated In fl.gures 5, 6, and 9 wsrs u8ed but m of
them operated at hl@ altitudes and most of them did not opsrate at
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high eqlns speeds. Two scmeldsratluns  were found to be of seatest
lmpcrtsnoe; fme was a dependable spark plug for l&tlfxx uf the pilot
fuelaud the otherwas propsrmstering  of ths pilot fuel

The following results wsrs obtained fran sn lnvestQatlam  elf
an axial-flow-oanpreesor-type  turbojet esglns in the HACA Cleveland
altitude vlnd tunnel over a rangs of simulated flight omdltl~s
with four tall-pipe-burnetr scmflgwatlaMI:

1. The highest net-thrust lmrsase obtaiped in ths lnvsstl@lcm
was 86 psruemt at an altitude of 25,000 feet and a flight Maoh
nuuiber of 0.984. The oamespmdlng net thruet speolflo fuel ooneump-
tlm was 2.91 and the total fuel-alr ratio was 0.0523.

2. The highest ocmibustlon sfflolsnoles  obtained with ths four
0oMlgurat1cQs rang& frau 0.71 to 0.96.

3. Maximum opeamble altitudes for two tall-pipe-burnsr ocmflg-
'urstlcmwsrs 39,OOOand ~,OOOfeetatafllghtbiaohnumbsr of approx-
llnately 0.50.

4. The hi&set exheuret-me  toWI. tsmpsrature  obtained in the
lnvsstlgatlcn  at llmlting turbine-outlet  temperature  was 34700 R,
Whloh ctctrreepmds to a tall-pips total-tmpsrsture ratio cxP 2.1.

5. WIththree of the oonflguratlons, forwhloh no external
ooollng of the tall-pipe-burner shell was protided, the ekhauf& nozzle
sndthsrsarpartoftheburner seotlonwsrs brlghtrsd during opezm-
tlcm at high tall-pips fuel-air ratios. With ths tall-pipe burner
forwhlohfuelandwatsr  oooUnguers provlded,ths outsr shsll of
the tall-pips  burner showed no etidsme of elevaw tempsratures  at
any opsrating u.o&itiinI.

c

~O~~gbt~~lSioIlIrmborrrtoo?y,
National Adriscwy Caunlttee  for Amutlos,

Clevd.snd , Ohio.
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ThefollowIng eymbol8areu8edlnthe saloulstlcms:

oross-eeotlcEmlarsa, sq ft

qpoiflo heat aF g88 at oonstmt pressure, Btu/(lb)(*)

jet thrust, lb

Iletthruat,u

aOOebKdlo4 due to gravity, 32.2 ft/e602

saMmlpy, Btu/lb

best- value d fuel, Btu/lb

m~oal~~~~~heat,778ft=lb/Btu

Maoh number

total peesure, l&/q ft absolute

static pw88ure, lb/sq ft absolute

@SO Oanetant, 33.4 ft-lb/lb)(-)

totaltsmpsrsture, OB

InaMatea tvture, 9

statlot~erat~,OB

vemity, ft/seo

air flow, lb/sea

fuelflow,lb/&

&LO flow', lb/se0

8pedflofuel ocxlsuqtlcmbaseaopPstthrust  axlatotalfuel
flaw, lb/(hr)(lb tk'ust)

.
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f/a totalfllel-air  rstio

Y ratio odp apeolflo heats for gases

? efflolemy

7 total-tcmpsrature  ratio amoss tall-pipe burnm, Te/!E7

slibsorlpts:

. t

0

1

2

7

8

burzmr

fuel

tall-pipsburnsr

tunnel test-section fres-alr stream

Inlet dust

0~88CE inlet

tall-pipe-burnm inlet

e4dtlauat-nozzle  outlet

caloulatlane

Tennperaturs. -ByueeaFan arpsrimaptallp  detarmined Impact
rsooveryfaotor aF 0.85, stat10 temperature ~38 detwmlnsd fz%m
indloatedfr~rvraturebyapp~thefaotorto  thsadlabatlo  rela-
tion between the tmpemture aad the preseure in the folw
m:

t= Tl
r-i

1 + 0.85 3
c I0

t
-1

(1)



.

NACARMNo. FBJ25e I5 .

Airflow. -Theairflawtbroughthe eqinswas &stsrmlnsdfrapn
preeeure ad tepna#r*lture mea-ents obtslnedwltha~vertloal8ur-
veyrake lnstalledlnthe mgine inlet kot(ststl~1). Airflow
was oaloulatedbythe squstloPl

.

71-l

wa 'Rn-lp1A, 2Jq! p1
3

-I
% 0p1 (2)

The static tsmpcuxtmw iaequstlan(2)was  obtalnsdbyuee of qus-
tion (1). .

Jetthrut. -JetthmstaaeoelmlstmI.fromgressursmessurs-
ments at the exhau6t-nozzle owtlet by the equatlm '

(3)

Thbaeelrmptiozm iwohadinuS~thi8  eqwdtiea?SthSt thsrsie
no total-pcsssurs lo88 aorossths exbauetnoeeleapbthatthsre ls
ooqplete adlabatlo sqxumlap a9 the jet frcm the nozzle outlst to
smblsnt oondltlons. Use at equstloa (3) glvss rssults for a noesle
etfflolelwyc2f loo psroent.

Equlvalant airspeed. - BmmuohalEcalloslou3atlone srebssed
onl6perosntrwwpcessursreoovsryat  theompmsorlnlet
(OtStiaa 2) thd equlval.mrt alrspssd oUI'?.VOpoblizrg  tOthSSX?Uh~Ol.K'U
ratio at the engine inlet oanbe ~88~ by

(4)

The eqd.valentf2es-etrm3mtotaltmpamturs  vssussmal squslto
theo~ssor-inlet ~0atsUtempsrsturs. Theme& thisae8ump
t~CSliPtZW&lOSSSl3~  inairS~S&d ~S88thsn~~Z'OSZt.

.
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Net thruet. - The equlvaleart free-ekeam  mcmedmn  a9 the lnlst
air was subtmotea frown the jst thrust by acmblnlng eqwtlona (2),
(31,

ture

and (4) In the folLoprjpg  sqxressl&for nst thrust:
-_

wa %& m Tj - 7 (5)

lB&aust-~s total tmture, - me exhaust-gas i!otal teuup~-
was OEdodEatsd f'mnn the tall-ply-rake Jettbrwtandthe  m888

@~a flow thmugh the tall-pipe burnar. !l%le equation is based on
theammaptlapthatthere iemliabatlo sqmnslunfrcmthenoazls
outtittoamblent WOW. Thisass~lcm iILWbOOaXlsrrap?CXf
xsesthsn1psmsnt.

‘8 *
(764 dr jj2

(6)

2re R(We,8)2

Ccmbustlon edYlolenay. - The tall-pipe oumbuetlon efTlolemy
added In the tall pipe by the
aiereEearding dlssoolatlon of the

ealaust gases.

%,t -
3500 WR 8 he - 3600 WR 7 h7 - wf t hf t

ho,t Wf,t
(7)

The ntlmeTator~the~ght=hsIldgi~Ob thi8 eqUdian18 O~Sed~
the totalhsatin theme lemlrgthe tall pipe, the totalheustln
the &as ezrterlngthetallplpe,and  the lnitlalheatinthe liquid
fuel added In the tall pipe.

Tall-pipe fuel-air rrrtlo. - The tall-pipe fusl-air rstlo Is
ilediinsd as the mtlo of the tall-plps fuel flow to the imbuznsd air
entewa the tsll-pips  burner. The assutnptlon us&l ln obtrcining
this equation Is thst the fuel iPjeotd into the snglne combustion
ohsmbep: lecmrpletely burned. Ccxublning the air flow, the en&m
fuel flow, anb the tall-plge  fuel flow 6lvss the following equation
far tall-pips fuel-air m&lo:

.
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(f/a& - Wf,t

36ova 0-%-. O7

(8)

Thevalue ae 0.067 Inthe dmau3naM ie the artoiohlamtrlo ael-
airrrrtlofcxrulefuelwma.

1. Blerming, W. A., srrs. Dfetx, B. 0.: Altitude-Wir&Tkmwl Iwsetl-
gatlonsofThru6tAngmedati~arPaZt&boJet~.  I-Pm-
fo23nmoe  with Tail-pipe Burnbg. EMOA BM l30. E6I20, 1946.

2. Fm, William A., and. Golkaay, Bidhard L.t AltituB4-m-
Tunnel anmstlgat1a!u ae Thrust Augwztatl~  cd! a TtbboJet
$ngineJ. III- Perfommmetith!LUl-PlpsButUng  TnSemdazb
Biee lleril pipe. BAOA BMIRo. E7Pl0, l.947.

3. Lruxlln, Wuoe T., Domu, Hizmy W., and Gdn?lel, Dsvid S.:
~~~l~et~tiaa~~Augmentstiopr09a~jet
rd; E,Rim by M8ana 09 Wl-PQe B. BAOA BE6

l t .

4. Me*, Carl L., axliB-,HarryE.: Alt1tude-wzlld4unlle1
JmeeJtl&McmacPerf- etaIltlw5lu9mll~mmg~ter-
b3t~os ap WtN3t~use x2404B Axlal4aow TimboJet n@,Im.
IUCA RKHo. E6T23a, l948.
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Altitude Flight MachAltitude Flight Mach
(it)(it) number, MOnumber, MO

00 5,0005,000 0 . 2 6 40 . 2 6 4
00 2 5 , 0 0 02 5 , 0 0 0 .265.265
00 2 5 , 0 0 02 5 , 0 0 0 .989.989
AA 35,00035,000 .528.528

.(a) Configuration A.
a
:
GQl AltLittide Flight Mach

(ft) number, MO
0 5sm 0 . 2 7 5
0 2 5 , 0 0 0 l 272
0 2 5 , 0 0 0 .537
A 2 5 , 0 0 0 .727

F 2E .869 .984
4 3o:ooo .509
b 3 5 , 0 0 0 .491

60

.02 .x)3 .04 .05
Wil-PQe fiel-alr ratio, (f/a)*

(b) Configuration B.
Figure 10. - Variation of tail-pipe combustion efficiency with

tail-pipe fuel-air ratio fm four configurations.
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(c) Configuration C.

Tail-pipe fuel-air ratio, (f/a),
(d) Configuration D.

Figure 10. - Concluded. Variation of tail-pipe combustion effi-
cfencg with tail-pipe fuel-air ratio for four configurations.
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(a) Net thrust:

Figure 11. - Variation of perfommnae parameters rlth tall-pipe fuel flow for
several Lllght Mach numbers. Configuration B; altitude, 25,000 feet; engine
speed,  12,500 rpm~.
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number, M~J I

0 0.272
: .727 .537

A .869
I I I I v .984 1 I

4P 1700
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dO0
I I t I I I I
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Tall-pipe fuel flow, Wf,t, lb/hr

(b) Engine fuel flow.
Figure 11. - Continued. Variation of performance parameters with

tall-pipe fuel flow for several flight Mach numbers. conflgura-
tion B; altitude, 25,000 feet; engine speed, 12,500 rpm
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Tail-pipe fuel ilow, wf,t, lb/In
(0) Speoiflo fuel oonsumptionf~e4d  on net thrust and total fuel

.
F igu re  11. - Continued. Variation of performance parameters with

tail-pipe fuel flow for several flight Maoh numbers. configura-
tion Bj altitude, 25,000 feet; engine speed, 12,500 rpm.
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Flight Mach
number, s

:: 0.272 .537
0 .72?
A .869
V .984

---Turbine-outlet tem-
perature, 16250 R

.06

2000 3000 4000 5000 6000 7000
Tall-pips fuel flow, Wf,t, lb/h.
(d) Total fuel-air ratio.

Figure 11. - Continued. Variation of performance parameters with
tall-glpe fuel flow for several flight Mach numbers. Configura-
tlon B; altitude, 25,000 feet; engine apeed, 12,500 rpm.
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outlet tempera-
ture, 1525O R

1600-

2 0 0 0 3000 4000 SO-00 6 0 0 0 7 0 0 0
Tall-pipe fuel flow, Wf,t, lb/hr

(e) Turbine-outlet temperature.
Figure 11. - Continued. Variation of performance parameters with

tall-pipe fuel flow for several flight Mach numbers. Configura-
tion B; altitude, 25,000 feet; engine speed, 12,500 rpm.
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Tail-pipe duel flov, 'Ilr,t,  lb/lP.

(r) Exhaust-gaa total temperature.
.gpre 11. - Conoluded. Varlatlon of performance parameters r%th
tall-pipe fuel flow for several flight Maoh numbers. Configura-
tlon B; altitude, 25,000 feet: engine speed, 12,600 rpn.
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(a) Configmatioa  B; arl@al engine; turblna-outlet tamperatnw, Pg, 115215°  2.
Plgure 12. - Relation between e&aunt-gas total. temperature and flight Ma~l~uT; with

standard tall pipe and with modified tail pipe and tall-pipe m. ,
25,000 feet; engtue apeed,  l2,W rpm.
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Conflgafaticm  B
------Engine with no tail-

2600 - /
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a 2200 I / I I

1
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.S .4 .5 .I
- Plight Wach’kber,  MC

.9 1.0

(a) CotUlgmatlon  B; orlglml ~gl~iT~&l&~tlet temperature with tall-pipe bnming,

Flgum 15. - Relation between net thrwt and f&t Ypch mmber  with standard tall pipe
~d$ot~~lfled tall plpa and tall-pips burning. Altitude, 25,COC feet;  engine speed,

,
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.4 .5 .6 .7
Flight Mach nmber,  MO

(b) Configurations C and D; mdlfled engine; turbine-outlet temperature with tall-pipe
humin& T6, 1650° R.

Figure 13. - Concluded. Relation betrem net thrust and Plight Mach nmber with standard
. tall pipe and with modified tall pipe and tail-pipe burning.

engine speed,  12,500 rpa.
Altitude, 26,000 feat;
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(a) Oonftguratlan  8; original englne~T~blXb&~let  teaperahPe with tall-pipe burning,

l Figure 14. - Relation between lnewaae in net that and ill@ Ma& mimbcr wltb tall-
Pm -a. Altitude, 96,000 feet; engine opeed, la,600 rpl.
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(a) Cdmi@mation B; original englnej turblae-o&t temperattwe,  56, 1626° R.
Figure l.5. - Relatloa  between SpWdf10 fuel OOaEUQptiC4¶  ba6bd on mt thruttt and tot61

he1 flov and ill&t &ah number dth standafl tall pipe and with modified toll pipe
and tall-pipe bumlag. Altitude,  26,000 feet; enghm speed, 13,600 rpmo
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(b) Conflguratlons  C and D; aadifled engine; turbine-outlet tmpcratae,  T6, 1660° R.
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(a) Configuration B; orlglnnl engine; turbine-outlet teplperature, T6, 1525’ R.
Figure 16. - Relation between total fuel-air ratio and lrlight Mach number with standard

tail plpa and with mdlfled  tail pipe and tail-pipe bumlng.  Altitude, 25,000 feet;
eugine  speed, 12,500 rpm.
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Figure 16. - Concluded. Relation  between total fml-air ratio and flight Mach number with
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feet; engine speed, 12,500 rpm.
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